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NASA PREPARES 

TO LAUNCH 

FOURTH SURVEYOR 

The U n i t e d  S ta tes  i s  preparing t o  launch Surveyor D, 

another  l u n a r  sof t - landing  spacecraf t ,  the f o u r t h  of the  

series of seven Surveyors planned f o r  l una r  missions.  

The launch by the  National Aeronautics a n d  Space Adminis- 

t r a t i o n  i s  p lanned  from Complex 36 a t  Cape Kennedy, F la . ,  

dur ing the five-day per iod July 13-17. The launch v e h i c l e  

i s  an Atlas-Centaur. 

L ike  the three previous Surveyors, Surveyor D ' s  mission 

w i l l  be t o  perform a s o f t - l a n d i n g  i n  the  Apollo area of 

i n t e re s t  on the Moon and take t e l e v i s i o n  p i c t u r e s  of the 

l u n a r  sur face  around i t s  landing s i t e .  

Like Surveyor 111, t h i s  spacecraf t  w i l l  c a r r y  a sur- 

face sampler t o  d i g  i n t o  t h e  l u n a r  sur face  u n d e r  the  eye of 

the t e l e v i s i o n  camera. 

Although the Surveyor D mission i s  b a s i c a l l y  similar 

t o  that of Surveyor 111, t he re  are some d i f f e rences .  

-more- 
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Most important i s  the target l a n d i n g  s i t e  f o r  Surveyor D. 

It w i l l  be aimed t o  soft-land i n  Sinus M e d i i  (Central  Bay) a t  

almost the dead  cen te r  of the f ron t  f ace  of the Moon a t  lo 2U' 

West longi tude and 00 25' N o r t h  l a t i t u d e .  

I n  general, the  Sinus Medii  a r e a  i s  considerably rougher 

than the s i tes  o f  the  two previous Surveyor l a n d i n g s  but 

v e r i f i c a t i o n  of a s i t e  i n  the center  of  the Moon's v i s i b l e  

f ace  i s  required by t h e  Apollo program t o  provide a va r i e ty  

of landing s i t e  opt ions.  

Surveyor D I s  s o f t  l a n d i n g  w i l l  be f u r t h e r  complicated by 

the f a c t  that i t  w i l l  approach the Moon a t  a g r e a t e r  angle 

t o  the v e r t i c a l  t han  i t s  predecessors,  thus  requi r ing  a l a r g e r  

g r a v i t y  t u rn  during the c ruc ia l  terminal  descent sequence. 

Surveyor D w i l l  approach t h e  Moon a t  the  b e g i n n i n g  of i t s  

descent a t  a n  angle of 36 degrees from v e r t i c a l ;  Surveyor 1's 

angle of approach was only s i x  degrees and Surveyor 111's was 

25 degrees.  

Other d i f f e rences  from previous Surveyor missions: 

--Altas-Centaur 11 has a one-burn c a p a b i l i t y  i n  i t s  second 

This i s  the las t  of t h e  d i r e c t  ascent  Centaurs and is stage. 

similar t o  the Surveyor I Centaur but un l ike  the two-burn Centaur 

which launched Surveyor I11 into a parking o r b i t  from which 

i t  was s e n t  t o  the Moon. 

-more- 



--Modifications have been made i n  t h i s  Surveyor 's  landing 

radar e l e c t r o n i c  l o g i c  c i r c u i t r y  t o  prevent  a repeat of 111's 

three-bounce landing tha t  occurred when the three vernier 

engines were not cu t  of f  j u s t  p r i o r  t o  the first touchdown. 

See page 8. 

--A small magnet w i l l  be at tached t o  a footpad i n  view 

of the t e l ev i s ion  camera t o  determine i f  there is  magnetic 

material on the lunar  surface,  See page 19. 

The Surveyor D f l i g h t  w i l l  take about 65 hours from l i f t -  

off t o  lunar  landing. A l a rge  s o l i d  propel lan t  re t rorocket  

and three small ve rn ie r  rocket engines unde r  radar cont ro l  

w i l l  slow Surveyor from a lunar  approach speed of  about 6,000 

miles per hour t o  about three miles per hour. 

o f f  a t  the 14-foot mark and t h e  spacecraf t  free f a l l s  t o  the 

luna r  surface,  touching down a t  about 10 miles per hour. 

The engines cut 

On the first day of the launch period, J u l y  13, the launch 

can occur between 7:03 a.m.  EDT t o  7:07 a.m. 

The Surveyor D target s i te  i s  a 37-mile diameter c i r c l e  

in Sinus Medii  about 130 miles nor th  of the large c r a t e r  

Ptolemaeus. 

A t  launch, Surveyor D w i l l  weigh 2,290 pounds. The r e t ro -  

motor, which w i l l  be j e t t i soned  a f t e r  burnout, weighs 1,463 

pounds. 

-more- 
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After  expenditure of l i qu id  p rope l l an t s  and a t t i t u d e  

cont ro l  gas, the l a n d e d  weight o f  Surveyor on the Moon w i l l  be 

about 625 pounds. 

I n  addi t ion  t o  data provided by the TV camera and sur face  

sampler, Surveyor D w i l l  a l s o  provide data on the radar re- 

f l e c t i v i t y ,  mechanical proper t ies ,  and thermal condi t ions of 

the luna r  surface.  

Surveyor I soft-landed on the Moon June 2, 1966, and 

returned 11,150 high-quality photographs of the  l u n a r  t e r r a i n .  

It survived eight months on the luna r  sur face  during which time 

it  withstood eight cycles  o f  extreme heat and cold.  Surveyor 

I1 was launched Sept.  20, 1966, but the mission fa i led  when one 

of the three v e r n i e r  engines f a i l e d  t o  i g n i t e  du r ing  a n  

attempted midcourse maneuver. 

Surveyor I11 soft-landed on t h e  Moon Apr. 19, 1967, re- 

turned 6,313 photographs and provided 18 hours of operat ion 

of the sur face  sampler. 

The Surveyor program i s  directed by N A S A ' s  Off ice  of 

Space Science and Applications.  

t o  NASA's J e t  Propulsion Laboratory operated by the Ca l i fo rn ia  

I n s t i t u t e  of Technology, Pasadena. Hughes Aircraft Co., 

under cont rac t  to '  JPL, designed and b u i l t  the Surveyor space- 

c r a f t  and the sur face  sampler. 

Pro jec t  management i s  assigned 

-more- 
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t N A S A ' s  Lewis Research C e n t e r ,  Cleveland, i s  responsible  

f o r  the  Atlas f i r s t  s tage booster and f o r  t h e  second stage 

Centaur, both developed by .General Dynamics/Convair, San Diego, 

Calif. Launch operat ions are d i rec ted  by Kennedy Space Center, 

Fla .  

Tracking and communication w i t h  the Surveyor I s  the 

r e s p o n s i b i l i t y  of the NASA/JPL Deep Space Network (DSN).  The 

DSN s t a t i o n s  assigned t o  the Surveyor program are Pioneer, a t  

Goldstone i n  Ca l i fo rn ia ' s  Mojave Desert; Robledo, Spain; 

Ascension I s l a n d  i n  the South At lan t i c ;  T i d b i n b i l l a  near 

Canberra, Austral ia ;  and  Johannesburg, South Africa.  Data 

from the s t a t i o n s  w i l l  be t r a n s m i t t e d  t o  the Space F l igh t  

Operations F a c i l i t y  i n  Pasadena, the command cen te r  f o r  the 

mission. 

(END OF GENERAL RELEASE; BACKGROUND INFORMATION FOLLOWS) 
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Surveyor I performed the  first fu l ly -con t ro l l ed  s o f t  
landing on the Moon on June 1, 1966, a f t e r  a 63-hour, 36- 
minute f l i g h t  from Cape Kennedy, 

Surve o r  I landed a t  a v e l o c i t y  of about 7.5 miles p e r  
hour a t  2. 5 degrees south of the luna r  equator  and 43.21 de- 
grees West Longitude i n  the  southwest portion of Oceanus 
Procellarum (Ocean of Storms). 

During the six weeks following the pe r fec t ,  three- 
poin t  landing, the s p a c e c r a f t ' s  survey t e l e v i s i o n  camera took 
11,150 high-resolut ion p i c t u r e s  of the  luna r  sur face  f o r  t r a n s -  
mission t o  Earth rece iv ing  s t a t ions .  Resolution i n  some of the 
closeups w a s  one-half millimeter o r  about o n e - f i f t i e t h  of an 
inch. These p i c t u r e s  showed detai ls  of the luna r  sur face  a 
mi l l i on  times f i n e r  than the best Earth te lescope  photos, 

From the p i c t u r e s  were derived the r ep resen ta t ive  c o l o r s  
of the  Moon's surface,  a n  accurate  view of the t e r r a i n  up t o  
one and one-half miles surrounding the Surveyor, the e f f e c t  of 
landing a spacecraf t  upon the  l u n a r  sur face  and p i c t o r i a l  
evidence of l u n a r  environmental damage t o  the  spacecraf t  i t s e l f .  
A s e c t i o n  of t he  mirrored glass r a d i a t o r  a top  one of t h e  e l ec -  
t r o n i c  equipment compartments was shorn t o  be cracked i n  a 
photograph taken d u r i n g  the  second l u n a r  day. 

The spacecraf t  also took a number of p i c t u r e s  of the 
s o l a r  corona ( t h e  Sun's upper  atmosphere), the  p l ane t  J u p i t e r  
and the  first magnitude stars S i r i u s  and Canopus. 

The t e l e v i s i o n  p i c t u r e s  showed that the spacecraf t  came 
t o  rest on a Baooth, nea r ly  l e v e l  s i te  on the f loo r  of a ghost  
crater. The landing s i t e  was surrounded by a g e n t l y  r o l l i n g  
su r face  studded w i t h  c r a t e r s  and l i t t e r e d  w i t h  f r a g r e n t a l  de- 
br i s .  The c r e s t l i n e s  of low mountains were v i s i b l e  beyond the 
horizon. 

By J u l y  13, Surveyor I t s  42nd day on the Moon, t he  space- 
c ra f t  had survived the in t ense  heat of the luna r  day (250 de- 
grees P), t he  cold of the two-week-long luna r  n ight  (minus 260 
degrees P) and a second f u l l  l u n a r  day. Total  p i c t u r e  count 
was: first luna r  day -- June 1 t o  June 14 -- 10,338; second 
day -- J u l y  7 t o  J u l y  13 -- 812. 
Surveyor I (time d u r i n g  which signals were received from the 
spacec ra f t )  was 612 hours. 

The t o t a l  opera t ing  t i m e  of 

-more- 



Despi te  a f a l t e r i n g  b a t t e r y  not expected t o  endure the  
r i g o r s  of the luna r  environment over an  extended period, Surveyor 
continued t o  accept  Ear th  commands and t ransmit  TV p ic tu re s  
through the second l u n a r  sunset.  It received and acted upon 
approximately 120,000 commands during t h e  mission. 

Communications w i t h  Surveyor I were re-established a t  
i n t e r v a l s  through January 1967 b u t  no TV p ic tu re s  were obtained 
a f t e r  the J u l y  1966 a c t i v i t y .  
motion of the  Moon were acquired during the  f i n a l  months of 
Surveyor operations.  

Important Doppler data on the 

On Feb. 22, 1967, a t  12:24 a.m..EST, Surveyor I was photo- 

Surveyor I1 was launched on Sept.  20, 1966, toward Sinus 

graphed on the sur face  of t h e  Moon by Lunar O r b i t e r  111. 

Medii i n  the c e n t e r  of the Moon. An a t tempt  t o  perform the 
midcourse maneuver was unsuccessful when one of the three l i q u i d  
f u e l  ve rn ie r  engines fa i led t o  f i r e .  The t h r u s t  imbalance 
caused t h e  spacecraf t  t o  begin tumbling. Repeated attempts 
were made t o  command a l l  three engines t o  f i r e  t o  rega in  con t ro l  
of the  spacecraf t .  When a l l  attempts fa i led  it  was decided 
t o  perform a series of engineering experiments t o  ob ta in  data 
on var ious  subsystems concluding w i t h  the f i r i n g  of the  main 
r e t ro rocke t .  The spacecraf t  impacted the Moon southeast  of the 
c r a t e r  Copernicus a t  a ve loc i ty  of near ly  6,000 miles per  hour. 

In t ens ive  inves t iga t ion  i n t o  poss ib le  causes of t h e  
Surveyor I1 f a i l u r e  by a team comprised of propulsion expe r t s  
from the  Jet  Propulsion Laboratory, Hughes Ai rc ra f t  Co., 
Thiokol Chemical Corp. and NASA d i d  not r e s u l t  i n  the  i d e n t i -  
f i c a t i o n  of the exact cause. As a resu l t  of t h i s  i n v e s t i -  
ga t ion ,  however, a number of changes i n  t e s t i n g  procedures were 
recommended f o r  Surveyor I11 and subsequent spacecraf t  t o  pro- 
v ide  bet ter  d iagnos t ic  capab i l i t y  i n  the v e r n i e r  propulsion 
system during pref l igh t  t e s t i n g  as w e l l  as during the mission. 
These changes are designed t o  m&nimize the p o s s i b i l i t y  of re= 
currence of the Surveyor I1 problem. 

Surveyor 111 was launched A p r i l  17, 1967, and success fu l ly  
soft-landed on the Moon Apr i l  19, 1967, on the  east wall of 3 
650-foot diameter c r a t e r  i n  the Ocean-of Storms. The spacecraf t  
touched down three times i n  the  landing when i t s  v e r n i e r  
engines d i d  not c u t  o f f  a t  the prescr ibed 14-foot mark but 
continued f i r i n g  t o  the surface.  A command from Earth s h u t  down 
the enignes after the second touchdown a t  2.94 degrees' South 
l a t i t u d e  and 23.34 degrees West longi tude.  Surveyor 111 was 
equipped w i t h  a sur face  sampler instrument t o  provide data on 
luna r  soil c h a r a c t e r i s t i c s .  The device dug f o u r  t renches,  made 
seven bearing s t r eng th  tests and 13 penet ra t ion  t e s t s  d u r i n g  a 
t o t a l  of 18 hours of surface sampler operat ion from the second 
day after tOiichdGWi tf;ro\;gt; l u n a r  S U E S ~ ~  8~ Mgg 3;  

-more - 
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Operation of t h e  t e l e v i s i o n  camera y i e l d e d  6,315 p ic tu re s .  
These included p i c t u r e s  ~f a s o l a r  e c l i p s e  as the  Ea r th  passed 
i n  f r o n t  of the Sun, the lunar  t e r r a i n ,  por t ions  of the  space- 
c r a f t ,  sur face  sampler operations and the c rescent  of the  E a r t h .  

At tempts  t o  r e a c t i v a t e  the spacecraf t  during the second 
luna r  day were unsuccessful . 

On Surveyor I11 a radar break-lock was commanded by the  
spacecraf t  landing radar's i n t e r n a l  l og ic  as the radar beams 
crossed a f i e l d  of highly r e f l e c t i n g  rocks as it neared the 
sur face .  These looked t o  the  radar much as a f i e l d  of broken 
mir rors  would t o  a searchl ight ,  g iv ing  unexpected high r e t u r n s  
back i n t o  the radar receivers .  This caused the break-lock be- 
cause the radar log ic  c i r c u i t r y  l s  designed so  a s  t o  make the 
radar t racking  c i r c u i t s  s e l e c t  the s t ronges t  s igna l  i f  severa l  
are present .  

This break-lock f e a t u r e  i s  an  i n t e l l i g e n c e  which has 
been designed I n t o  the radar t o  enable it t o  Ignore r e f l e c t i o n s  
from antenna side lobes.  This I s  very important when the 
radar I s  first turned on and I s  searching f o r  the Moon's sur face  
from a t i l t e d  spacecraf t  or* i f  the radar acc ident ly  locks onto 
a weak side lobe r e f l e c t i o n  i n i t i a l l y .  

It is  not needed near  the lunar  sur face  when the radar 
is  a l r eady  locked on the proper r e f l e c t i o n s .  

The a c t i o n  taken t o  avoid recurrence of a similar break- 
lock on Surveyor D and f u t u r e  Surveyors, i s  t o  disable the  
break-lock l o g i c  when the spacecraf t  i s  near  enough t o  the Moon's 
sur face  that  h ighly  r e f l e c t i v e  rocks could be a problem. 
t h i s  case,  t he  l o g i c  will not be used below 1,000 feet .  

I n  

-more- 
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SURVEYOR b SPACECRAFT 
Spaceframe, Mechanismrn and Thermal Control 

The spaceframe of the Surveyor is  a t r i a n g u l a r  aluminum 
s t r u c t u r e  which provides mounting sur faces  and attachments 
f o r  the  landing gear, main re t rorocket  engine, ve rn ie r  engines 
and assoc ia ted  tanks, thermal compartments, antennae and o the r  
e l e c t r o n i c  and mechanical assemblies. 

The frame is  constructed of thin-wal l  aluminum tubing ,  
w i t h  the frame members interconnected t o  form the triangle. 
A mast, which supports  t h e  planar array high-gain antenna 
and s i n g l e  rsolerr panel, i s  at tached t o  t he  top  of the spaceframe. 
The bas ic  frame weighs l e s s  than 60 pounds and i n s t a l l a t i o n  
hLrdware weighs 23 pounds. 

The Surveyor s tands about 10 feet high and, with i t s  
t r ipod  landing gear extended, ean be placed wi th in  a 14-foot 
c i r c l e .  A landing leg I s  hinged t o  each of the three lower 
corners  of the frame and an  aluminum honeycomb footpad I s  
a t taahed  t o  the ou te r  end of each leg. An a i rp lane- type  shock 
absorber and te lescoping  lock strut are connected t o  the frame 
so that the legs can be fo lded  i n t o  the nose shroud dur ing  
launch . 

Blocks of crushable  aluminum honeycomb are a t tached  t o  
t he  bottom of the spaceframe at each of I ts  three corner8 t o  
absorb part of the landing shock. Touchdown shock a l s o  i s  
absorbed by the footpads and by the hydraul ic  shock absorbers  
which compress w i t h  the landing load. 

Twoomnldirectional, con lc r l  antennas ore mounted on the 
ends of fo ld ing  booms which a r e  hinged t o  the 8p8ceframe. The 
booms remain folded aga ins t  the frame during launch u n t i l  
re leased  by squib-actuated p in  p u l l e r s  and deployed by t o r s i o n  
spr ings .  
legs a r e  extended and locked i n  pos i t ion .  

The antenna booms a r e  released only after the landing 

An antenna/solar panel poe i t ioner  a top  the maat supports  
and r o t a t e s  the planar array antenna and solar panel i n  either 
d i r e c t i o n  along f o u r  axes. 
antenna t o  be or ien ted  toward Earth and t h e  solar panel toward 
the Sun. 

This freedom of movement a l lows  t h e  

-more- 



-9a- 

I '  SURVEYOR 

M ,SOLAR PANEL 

OMNIDIRECTIONAL 
ANTENNA A 

3 

HIGH-GAIN ANTENNA 

THERMALLY CONTROLLED 
COMPARTMENT A TV  CAMERA 

STAR CANOPUS 

RADAR ALTITUDE- 
DOPPLER VELOCITY 
SENSOR OMN ID1 RECTIONAL 

ANTENNA B 

FOOTPAD 2 
VERNIER ENGINE 3 

VERNIER PROPELLANT 
PRESSURIZING GAS 
TANK (HELIUM) 

AUXILIARY BATTERY 



b 

c -10- 

TWO thermal compartments house s e n s i t i v e  electrorric 
apparatus  f o r  which a c t i v e  thermal con t ro l  i s  needed through- 
out the  mission. The equipment i n  each compartment i s  mounted 
on a thermal t r a y  that d i s t r i b u t e s  heat throughout t h e  com- 
p a r t m e n t .  An i n s u l a t i n g  blanket,  cons i s t ing  of 75 sheets of 
aluminized Mylar, i s  sandwiched between each compartment's 
i nne r  shel l  and the  ou te r  pro tec t ive  cover. The tops  of t he  
compartments are covered by mirrored glass thermal r a d i a t o r s  
t o  diss ipate  hea t .  

Compartment A, which maintains an i n t e r n a l  temperature 
between 40 degreesand 125 degreesF. ,  conta ins  two r a d i o  rc- 
ce ivers ,  two t r ansmi t t e r s ,  t h e  main b a t t e r y ,  battery charge 
regula tor ,  main power switch and some a u x i l i a r y  equipment. 

houses the c e n t r a l  command decoder, boost regula tor ,  c e n t r a l  
s i g n a l  processor,  s i g n a l  processing aux i l i a ry ,  engineering 
s i g n a l  processor,  and low data rate a u x i l i a r y .  

Compartment By kept  between zero and 125 degreesF., 

Both compartments contain sensors  f o r  repor t ing  tempera- 
t u r e  measurements by te lemetry t o  Earth, and heater assemblies 
t o  maintain the thermal t r aysabove  their  allowable minimums. 
The compartments are  kept  below t h e  125-degree maximum with 
thermal swithces which provide a conductive path t o  t he  radiating 
sur faces  f o r  automatic d i s s i p a t i o n  of e l e c t r i c a l l y  generated 
heat. Compartment A conta ins  nine thermal switches and com- 
partment B, s ix .  The thermal she l l  weight of compartment A i s  
25 pounds, and compartment B, 18 pounds. 

Passive temperature cont ro l  i sprovided  f o r  a l l  equipment, 
not protected by the compartments, through the  u s e  of pa in t  
p a t t e r n s  and polished surfaces.  

Twenty-nine pyrotechnic devices mechanically release o r  
lock t h e  mechanisms, switches and valves  assoc ia ted  w i t h  t he  
antennas,  landing l e g  locks,  r o l l  ac tua to r ,  r e t ro rocke t  separa- 
t i o n  attachments,  hel ium and nitrogen tanks, shock absorbers  
and t h e  retromotor detonator.  Some are ac tua ted  by command from 
the C e n t a u r ,  and o the r s  a r e  actuated by ground command. 

A s o l i d  propel lan t ,  spher ica l  re t rorocket  f i t s  wi th in  the  
cen te r  cav i ty  of the t r iangulaf f rame and s u p p l i e s  t he  main 
t h r u s t  f o r  slowing the  spacecraf t  on approach t o  t he  Moon. 
The u n i t  i s  a t tached  a t  three po in t s  on the spaceframe near  the 
landing leg hinges,  wi th  explosive nut separa t ion  po in t s  f o r  
e j e c t i o n  a f t e r  burnout. The motor case,  made of high-strength 
s teel  and in su la t ed  wi th  asbestos  and rubber,  is  36 inches i n  
diameter. Including t h e  molybdenum nozzle,  t he  unfueled motor 
weighs 144 pounds. With propel lant ,  the  weight i s  about 1,444 
pounds, o r  more than 60 per cent of the t o t a l  spacecraf t  weight. 

-more- 
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E l e c t r i c a l  harnesses and cables  interconnect  the space- 
c r a f t  subsystems t o  provide cor rec t  s i g n a l  and power flow. 
The harness connecting the two thermal compartments i s  routed 
through a thermal tunnel  t o  minimize heat loss from the com- 
partments. Coaxial cable assemblies, attached t o  the space- 
frame by bracke ts  and c l i p s ,  are used f o r  high frequency 
transmission. 

E l e c t r i c a l  i n t e r f a c e  with the  Centaur stage i s  established 
through a 51-pin connector mounted on the bottom of the  space- 
frame between two of the landing legs. The connector mates 
w i t h  the Centaur connector when the Surveyor i s  mounted t o  
the launch vehicle .  It carries pre-separation commands from 
the Centaur programmer and can handle emergency commands from 
the blockhouse console. Ground power and prelaunch monitor 
a l s o  pass through the connector. 

Power Subsystem 

The power subsys temcol lec ts  and s t o r e s  s o l a r  energy, 
converts  it t o  usable  e l e c t r i c  voltage,  and d i s t r i b u t e s  i t  t o  
the  o the r  spacecraf t  subsystems. The subsystem c o n s i s t s  of the 
s o l a r  panel,  a main ba t t e ry  and an a u x i l i a r y  battery, a n  auxi- 
l i a r y  battery cont ro l ,  a b a t t e r y  charge regula tor ,  main power 
switch,  boost regula tor ,  and a n  engineering mechanisms aux i l i a ry .  

The s o l a r  panel i s  the s p a c e c r a f t ' s  primary power source 

The s o l a r  ce l l s  are grouped 

during f l i g h t  and during operat ions I n  the luna r  day. 
of 3,960 s o l a r  c e l l s  arranged on a t h i n ,  f l a t  surface approxi- 
mately nine square feet i n  area. 
i n  792 separate modules and connected i n  series-parallel t o  
guard aga ins t  complete fa i lure  i n  the event of a s i n g l e  c e l l  
malfunction . 

It c o n s i s t s  

The s o l a r  panel i s  mounted a t  t h e  top  of the Surveyor 
s p a c e c r a f t ' s  mast. Wing-like, it is  folded away during launch 
and deployed by Earth-command after the  spacecraf t  has been i n -  
jec ted  i n t o  t h e  l u n a r  t r a n s i t  t r a j ec to ry .  

When properly or ien ted  d u r i n g f l i g h t ,  the  s o l a r  panel 
can supply about 89 watts, most of the power required f o r  the 
average operat ing load of a l l  on-board equipment. 

be a d j u s t e d  by Earth-command t o  t r a c k  the Sun wi th in  a few 
degrees, so  that  the s o l a r  c e l l s  remain always perpendicular 
t o  the s o l a r  r ad ia t ion .  

During operat ion on t h e  l u n a r  sur face ,  the s o l a r  panel can 
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I n  t h i s  lunar-surface mode, the s o l a r  pane l  i s  designed 
t o  supply a minimum of 77 watts power a t  a temperature of 140 
degrees F., and a minimum of 57 watts a t  a temperature of 239 
degrees F. 

s p a c e c r a f t ' s  power r e se rvo i r .  It is  the s o l e  source of power 
during launch; it s t o r e s  e l e c t r i c a l  energy f r o m  the s o l a r  panel 
during t r a n s i t  and lunar-day operations;  and it provides a 
backup source t o  meet peak porrer requirements during both of 
those  periods.  

A 14-ce l l  rechargeable,  s i lver -z inc  main bat tery i s  t h e  

Fu l ly  charged, the battery provides 3,800 watt-hours 
a t  a discharge rate of 1.0 amperes. Bat te ry  output i s  approxi- 
mately 22 v o l t s  d i r e c t  current  f o r  a l l  operat ing and environ- 
mental condi t ions i n  temperatures from 40 degrees t o  125 degrees 
F. 

The a u x i l i a r y  b a t t e r y  i s  a non-rechargeable, s i l ve r - z inc  
b a t t e r y  contained i n  a sealed magnesium cannis te r .  It provides 
a power backup f o r  both t h e  main bat t -eryand the s o l a r  panel 
under peak power loading o r  emergency condi t ions.  

The b a t t e r y  has a capaci ty  of from 800 t o  1,000 watt-hours, 
depending upon power load and operat ing temperature. 

The b a t t e r y  charge regula tor  and t h e  booster  r egu la to r  
are the two power conditioning elements of the s p a c e c r a f t ' s  
e l e c t r i c a l  power subsystem. 

The b a t t e r y  charge regula tor  couples the s o l a r  panel t o  
the main b a t t e r y  f o r  maximum conversion and t ransmission of 
the s o l a r  energy necessary t o  k e e p t h e  main ba t t e ry  a t  f u l l  
charge . 

It rece ives  power a t  the  s o l a r  pane l ' s  varying output 
vol tage,  and it  d e l i v e r s  t h i s  power t o  the main ba t te ry  a t  a 
constant  b a t t e r y  terminal  voltage.  

The ba t te ry  charge regula tor  indludes sensing and log ic  
c i r c u i t r y  f o r  automatic ba t t e ry  charging whenever bat tery vol tage 
drops below27 v o l t s  d i r e c t  cur ren t .  Automatic b a t t e r y  charging 
a l s o  ma in ta insba t t e ry  manifold pressure a t  approximately 65 
pounds pe r  square Inch. 

Earth-command may overr ide the  automatic charging func- 
t i o n  of t he  battery charge regulator .  

-more - 
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The booster  r egu la to r  u n i t  rece ives  unregulated power 
from 17 t o  27.5 v o l t s  d i r e c t  current  from the s o l a r  panel, 
t h e  main ba t t e ry ,  o r  both, and d e l i v e r s  a regulated 29 v o l t s  
d i r e c t  cur ren t  t o  the spacec ra f t ' s  t h ree  main power transmission 
l i n e s .  These three l i n e s  supply  a l l  the s p a c e c r a f t ' s  power 
needs, except f o r  a 22-volt  unregulated l i n e  which serves  
heaters, switches,  ac tua to r s ,  solenoids and e l e c t r o n i c  c i r c u i t s  
which do not  require regulated power o r  provide their own 
regu la t ion  . 

Telecommunications 

Communications equipment aboard Surveyor has t h r e e  func- 
t i ons :  t o  provide f o r  transmission and recept ion of r ad io  sig- 
na ls ;  t o  decode commands sen t  to  the  spacecraf t ;  and t o  select 
and convert  engineering and t e l e v i s i o n  data i n t o  a form s u i t -  
able f o r  transmission, 

The f i rs t  group includes the three antennas: one high- 
gain,  d i r e c t i o n a l  antenna and two low-gain, omnidirectional 
antennas,  two t r a n s m i t t e r s  and two rece ive r s  wi th  transponder 
interconnect ions.  Dual t r ansmi t t e r s  and r ece ive r s  are used 
f o r  re l iabi l i ty .  

The high-gain antenna transmits 600-line t e l e v i s i o n  data. 
The low-gain antennas are designed f o r  command recept ion  and 
transmission of o the r  data Including 2 0 0 d i n e  t e l e v i s i o n  data 
from the spacecraf t .  The low-gain an tennasa re  each connected 
t o  one receiver .  The t r ansmi t t e r s  can be switched t o  either 
low-gain antennas o r  t o  t h e  high-gain antenna and can operate  
a t  l o w  o r  high-power l eve l s .  Thermal con t ro l  of the three 
antennas is passive,  dependent on sur face  coa t ings  t o  keep 
temperatures within acceptable  l i m i t s .  

The command decoding group can handle up t o  256 commands 
e i ther  d i r e c t ,  (on-off)  o r  quan t i t a t ive  ( t ime- in te rva ls ) .  Each 
incoming command is  checked i n  a c e n t r a l  command decoder which 
will reject  a command, and s i g n a l  the  r e j e c t i o n  t o  Earth,  if 
the s t r u c t u r e  of the command is i n c o r r e c t ,  Acceptance of a 
command i s  a l s o  radioed t o  Earth. The command is t h e n s e n t  t o  
subsystem decoders t ha t  t r a n s l a t e  the binary information i n t o  
an  ac tua t ing  s igna l  f o r  t h e  funct ion command such as s q u i b  
f i r i n g  o r  changing data modes. 

-more - 



-14- 

Processing of most engineering data, (temperatures, 
vol tages ,  cur ren ts ,  pressures ,  switch pos i t ions ,  etc.  ) i s  
handled by the  engineering s igna l  processor o r  t he  a u x i l i a r y  
processor.  There are over 200 engineering measurements of 
t h e  spacecraf t .  None are continuously reported.  There are 
f o u r  commutators i n  the engineering s igna l  processor t o  permit 
sequent ia l  sampling of selected s igna ls .  The use  of a commutator 
i s  dependent on the type and amount of information required 
during var ious f l i g h t  sequences. 
manded i n t o  operat ion a t  any time and a t  any of the f i v e  b i t  
rates: 17.2, 137.5, 550, 1100 and 4,400 b i t s  p e r  second. 

Each commutator can be com- 

Commutated s i g n a l s  from the  engineering processors are 
converted t o  10-bi t  data words by a n  analog-to-digi ta l  conver- 
t e r  i n  the  c e n t r a l  s igna l  processor and relayed t o  the t ransmi t te r .  
The low b i t  rates are normally used  f o r  t ransmissions over the  
low ga in  antennas and the low power l e v e l s  of the t r ansmi t t e r s .  

Propulsion 

The propulsion system cons i s t s  of three l i q u i d  f u e l  
v e r n i e r  rocket engines and a s o l i d  f u e l  retromotor.  

The ve rn ie r  engines a r e  supplied propel lan t  by three 
f u e l  tanks  and three oxid izer  tanks. There is  one pair  of 
tanks,  f u e l  and oxidizer ,  f o r  each engine. The f u e l  and oxidi-  
z e r  i n  each tank i s  contained i n  a bladder. Helium stored 
under pressure i s  u s e d  t o  d e f l a t e  the b ladders  and force  the 
f u e l  and oxid izer  i n t o  the feed l i n e s .  
pounds each. 

Tank capac i ty  i s  170.3 

The oxid izer  is  n i t rogen  t e t rox ide  w i t h  10 percent n i t r i c  
oxide. The f u e l  i s  monomethylhydrazine monohydrate. An ign i -  
t i o n  system is  not r e q u i r e d f o r  the v e r n i e r s  as the f u e l  and 
ox id ize r  are hypergolic,  burning upon contact .  The t h r o t t l e  
range i s  30 t o  104 pounds of t h r u s t .  

The main r e t r o  i s  used  a t  t h e  beginning of the terminal  
descent t o  the lunar  sur face  and s lows the spacecraf t  from a n  
approach ve loc i ty  of about 6,000 miles p e r  hour t o  approximately 
250 miles p e r  hour. It burns an aluininurn, ammonium- percholorate  
and polyhydrocarbon, case bonded composite type propel lan t  with 
a conventional g r a i n  geornetpy. 

The nozzle has a graphite t h r o a t  and a laminated p l a s t i c  e x i t  
cone. The case is of high s t rength  s t e e l  insu la ted  wi th  asbes tos  
and siltcon dioxide- f i l l ed  buna-N rubber t o  maintain the case 
a t  a low temperature l e v e l  during f i r i n g .  

-more- 
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Engine t h r u s t  v a r i e s  from 8,000 t o  10,000 pounds over 
a temperature range of 50 t o  70 degrees F. Passive thermal 
cont ro l ,  i n su la t ing  b l a n k e t s  and surface coat ings w i l l  main- 
t a i n  t h e  g r a i n  above 50 degrees F. It i s  f i red  b a pyrogen 

is  sphe r i ca l  shaped, 36 inches i n  diameter. 
i g n i t e r .  The main r e t r o  weighs approximately 1 ,4  r 4 pounds and 

F l i g h t  Control Subsystem 

F l i g h t  c o n t r o l  of Surveyor, con t ro l  of  i t s  a t t i tude  
and ve loc i ty  from Centaur separat ion t o  touchdown on the Moon, 
i s  provided by: primary Sun sensor, automatic Sun a c q u i s i t i o n  
sensor,  Canopus sensor,  i n e r t i a l  re fe rence  u n i t ,  a l t i t u d e  
marking radar, i n e r t i a  burnout switch, radar altimeter and 
Doppler ve loc i ty  sensors,  f l ight c o n t r o l  e l ec t ron ic s ,  and three 
pairs o f  cold gas j e t s .  F l i g h t  aon t ro l  e l e c t r o n i c s  includes a 
d i g i t a l  programmer, ga t ing  and switching, log ic  and s i g n a l  
data converter  f o r  the radar altimeter and Doppler ve loc i ty  
sensor.  

The information provided by t h e  sensors  i s  proczssed 
through log ic  c i r c u i t r y  i n  t h e  f l i g h t  con t ro l  e l e c t r o n i c s  t o  
y i e l d  ac tua t ing  s i g n a l s  t o  t h e  gas j e t s  and t o  the three l i q u i d  
f u e l  ve rn ie r  engines  and the so l id  f u e l  main r e t r o  motor. 

The Sun sensors  provide information t o  t he  f l i g h t  con t ro l  
e l e c t r o n i c s  ind ica t ing  whether or not  they are i l luminated by 
the Sun. T h i s  information i s  used t o  order  t h e  gas j e t s  t o  
f i r e  and  maneuver the spacecraf t  u n t i l  the  Sun sensors  are 
on a d i r ec t  l i n e  w i t h  t h e  Sun. The pr imary  Sun sensor  c o n s i s t s  
of f i v e  cadmium s u l p h i d e  photo conductive c e l l s .  During f l ight  
Surveyor w i l l  continuously d r i f t  o f f  of Sun lock i n  a cyc le  less 
than 0.2 5 0.3 degrees. The d r i f t  i s  continuously cor rec tedby 
s i g n a l s  from t h e  primary sensor t o  t h e  f l i g h t  e l e c t r o n i c s  order- 
ing the p i t c h  and yaw gas jets t o  f i r e  t o  co r rec t  the  d r i f t .  

Locking on t o  t he  s e a r  Canopus requires p r i o r  Sun lock-on. 
Gas je ts  f i re  i n t e r m i t t e n t l y  t o  compensate f o r  d r i f t  t o  main- 
t a i n  Canopus lock-on and thus control  spacecraf t  r o l l  during 
c r u i s e  modes. If star o r  Sun lock i s  l o s t ,  con t ro l  i s  automati-  
c a l l y  switched from o p t i c a l  sensors t o  i n e r t i a l  sensors  (gyros) .  

The i n e r t i a l  reference u n i t  i s  a l s o  used during mission 
events  when the  o p t i c a l  sensors  cannot be used .  These events  
are the midcourse maneuver and descent t o  t he  l u n a r  qurface.  
T h i s  device senses changes i n  a t t i t u d e  and i n  v e l o c i t y  of the 
spacecraf t  w i t h  three gyros and an accelerometer.  Information 
from the syros  i s  processed by the con t ro l  e l e c t r o n i c s  t o  order  

- m o r t -  
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gas3e.t firing t o  change o r  maintain the desired a t t i t u d e .  
During the t h r u s t  phases the i n e r t i a l  re fe rence  u n i t  c o n t r o l s  
v e r n i e r  engine t h r u s t  l eve l s ,  by d i f f e r e n t i a l  t h r o t t l i n g  f o r  
p i t c h  and yaw con t ro l  and swiveling one v e r n i e r  engine f o r  roll 
cont ro l .  The accelerometer cont ro ls  the t o t a l  thrust  l eve l .  

The a l t i t u d e  marking radar w i l l  provide the s igna l  fo r  
f i r i n g  of 'the main r e t r o .  It is located i n  the nozzle of t h e  
retromotor and i s  ejected when the motor i g n i t e s ,  The radar 
w i l l  genera te  a s igna l  a t  about 60 miles above the luna r  surface. 
The s i g n a l  starts the programmer automatic sequence a f t e r  a pre- 
determined period (d i rec ted  by ground command); the  programmer 
then  commands ve rn ie r  and r e t r o  i g n i t i o n  and t u r n s  on t h e  Radar 
Altimeter and Doppler Velocity Sensor (RADVS). 

The i n e r t i a  burnout switch will c l o s e  when the thrust  
l e v e l  of the main retromotor drops below 3.5 g, generat ing a 
s i g n a l  which is used  by the  programmer t o  command j e t t i s o n i n g  
of the retromotor and switching t o  RAlDvS con t ro l ,  

Control of the spacecraf t  af ter  main r e t r o  burnout i s  
vested i n  the radar altimeter and Doppler v e l o c i t y  sensor.  
There are two radar dishes f o r  t h i s  sensor.  An al t imeter /velo-  
c i t y  sensing antenna radiates t w o  beams and a v e l o c i t y  sensing 
antenna two beams. Beams 1, 2, and 3 g ive  v e r t i c a l  and t r a n s -  
verse  ve loc i ty .  Beam 4 provides a l t i t u d e  o r  s l a n t  range infor -  
mation. Beams 1, 2, and 3 provide ve loc i ty  data by summing i n  
the  s i g n a l  data converter  of t h e  Doppler s h i f t  (frequency sh i f t  
due t o  v e l o c i t y )  of each beam. The converted range and v e l o c i t y  
data i s  f e d  t o  the gyros and c i r cu i t ry  l o g i c  which i n  t u r n  con- 
t r o l  the t h r u s t  s i g n a l s  t o  the ve rn ie r  engines.  

The f l i g h t  con t ro l  e l ec t ron ic s  provide f o r  processing 
sensor information i n t o  telemetry s i g n a l s  and t o  a c t u a t e  space- 
c r a f t  mechanisms. It c o n s i s t s  of c o n t r o l  c i r c u i t s ,  a command 
decoder and an  AC/DC e l ec t ron ic  conversion u n i t  . The programmer 
con t ro l s  t i m i n g  of main r e t r o  phase and generates  p rec i s ion  
time delays f o r  a t t i t u d e  maneuvers and midcourse v e l o c i t y  cor- 
rec t ion .  

The a t t i t u d e  jets provide a t t i t u d e  con t ro l  t o  the space- 
craf t  from Centaur separa t ion  t o  main r e t r o  burn. The gas j e t  
system is  fed from a sphe r i ca l  tank holding 4.5 pounds of n i t r o -  
gen gas under high pressure. 
and dumping valves  and t h r e e  pairs of opposed gas jets w i t h  
solenoid-operated valves  f o r  each j e t .  One pair of jets is  loca- 
t ed  a t  the  end of each of t he  three  landing legs, The pair on 
leg number one con t ro l  motion i n  a ho r i zon ta l  plane,  Imparting 
r o l l  motion t o  the spacecraf t .  Pa i r s  two and three con t ro l  
p i t c h  and yaw. 

The system includes r egu la t ing  

-more- 
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Tei ev i s io n 

The Surveyor spacecraf t  c a r r i e s  one survey "elevis ion 
camera. The camera i s  mounted near ly  v e r t i c a l l y ,  pointed a t  
a movable mirror.  The mounting containing t h e  mir ror  can swivel 
360 degrees, and t h e  mirror  can tilt downto view a landing l e g  
t o  u p  above the  horizon. 

The camera can be focused, by Earth command, from f o u r  
f e e t t o  in f in i ty . ,  Its i r is  s e t t i n g ,  which c o n t r o l s  the amount 
of l i g h t  en ter ing  the camera, can a d j u s t  automatical ly  t o  t h e  
l i g h t  l e v e l  o r  can be commanded from Earth. The camera has a 
v a r i a b l e  foca l  length l e n s  which can be adJusted t o  narrow angle,  
6.4 x 6.4 f i e l d  of view, t o  w i d e  angle,  25.4 x 25.4 f i e l d  of 
view. 

A f o c a l  plane s h u t t e r  provides a n  exposure time of 150 
mil l iseconds.  The s h u t t e r  can a l s o  be commanded open f o r  an 
i n d e f i n i t e  length of time. A sensing device coupled t o  the 
s h u t t e r  w i l l  keep it from opening If the l i g h t  l e v e l  i s  t o o  
in tense .  A too-high l i g h t  l eve l  could occur from changes i n  t h e  
area of coverage by t h e  camera, a change i n  the angle of mirror ,  
i n  the l e n s  aper ture ,  or  by changes i n  Sun angle.  The same 
sensor  c o n t r o l s  the automatic iris s e t t i n g .  The sensing device 
can be overridden by ground command. 

The camera system can provide 200 o r  6OO-line p i c tu re s .  
The 600-1ine p i c tu re8  require that the high ga in  d i r e c t i o n a l  
antenna and the high power l eve l  of t he  t r a n s m i t t e r  are both 
operat ing.  The 600-line mode provides a p i c t u r e  each 3.6. sec- 
onds and the 200 l i n e  mode every 61.8 seconds. 

A f i l t e r  wheel can be commanded t o  one of f o u r  p o s i t i o n s  
providing c l e a r ,  colored or polar iz ing  f i l t e rs .  

Two f l a t  beryll ium mirrors  are mounted on t h e  spacecraf t  
frame near  leg number one t o  provide a d d i t i o n a l  coverage of 
the area under the spacecraf t  f o r  the t e l e v i s i o n  camera. The 
lar er  mirror  i s  10 inches x 9 inches;  the smaller i s  35 inches 
x 9 f inches.  

The l a r g e  mirror  provides a view of t he  lower po r t ion  of 
crushable block number t h r e e  and t h e  area under v e r n i e r  engine 
number three. The small m i r r o r  provides aview of the area 
under ve rn ie r  engine number two . 

The purpose i s  t o  provide p i c t u r e s  of the l u n a r  s o i l  
d i s turbed  by the  spacecraf t  landing and t h e  amount of damage 
t o  the crushable block i t s e l f .  

P r inc ipa l  t e l e v i s i o n  i n v e s t i g a t o r  i s  D r .  Eugene Shoemaker, 
U. S. Geological Survey. 

-more- 
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Surface Sampler Experiment 

Payload of t h e  Surveyor D spacecraf t  includes a sur face  
sampler mechanism flown f o r  t h e  f irst  time on the Surveyor 111 
mission. The metal claw digger provided s c i e n t i f i c  da ta  f o r  
determination of the bearing s t rength of t h e  lunar  surface and 
s o i l  c h a r a c t e r i s t i c s .  The device can d i g  a t rench t o  a depth 
of 18 inches,  perform penetrat ion tes t s  by dropping It from 
various he ights ,  and bearing s t rength  t e s t s  by press ing  down on 
t h e  luna r  surface.  

The device i s  a scoop about f i v e  inches long and two inches 
wide a t tached  t o  an extendable a r m  hinged ho r i zon ta l ly  and 
v e r t i c a l l y  t o  the spacecraf t .  The f l e x i b l e  arm, t o  which the  
scoop i s  r i g i d l y  a t tached,  i s  made up of  tubular  aluminum c ross  
members which operate  mechanically i n  a s c i s s o r  fashion to  extended, 
r e t r a c t e d ,  o r  p a r t i a l l y  r e t r ac t ed  pos i t i on  by a metal tape,  one 
end a t tached  t o  the scoop and the o the r  wound on a motor sp indle  
a t  the base. Extension and r e t r a c t i o n  of the  arm i s  cont ro l led  
by commands t o  the motor t o  ree l  o r  un ree l  the tape. Maximum 
extension i s  about f i v e  f e e t  from the  spacecraf t  frame. 

Two other motors, which can be operated i n  ei ther d i r e c t i o n ,  
w i l l  a l low the arm t o  p ivot  112 degrees i n  a hor izonta l  a r c  and 
t o  e l e v a t e  o r  lower the  scoop over a range of some 40 inches 
above t o  about 18 inches below a l eve l  lunar surface.  Surface 
area a v a i l a b l e  t o  the sampler t o t a l s  about 24 square feet. 

A f o u r t h  motor, located i n  t h e  scoop, opens and c loses  
a two-by-four-inch door on the scoop. All fou r  motors operate  
on 22 v o l t s  of unregulated d i rec t  cur ren t  from the spacecraf t  
battery. They operate  f o r  e i ther  of two t i m e  periods, a single 
command puls ing the motor f o r  one-tenth of a second o r  f o r  two 
seconds. Se lec t ion  of t h e  motor t o  be operated,  motor d i r e c t i o n  
and the t i m e  period i s  made by ground command. 

The instrument w i l l  be used i n  conjunction w i t h  the survey 
TV camera. The scoop w i l l  be posit ioned i n  view of the camera, 
then ac t iva t ed  t o  perform picking, digging o r  trenching opera- 
t i o n s .  Visual data combined with a determination of the fo rce  
developed during the digging i s  expected t o  i n d i c a t e  strength, 
t ex tu re  and cohesive c h a r a c t e r i s t i c s  of the s o i l .  

-more- 
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A single telemetry channel from the  Surveyor w i l l  monitor 
the e l e c t r i c  cur ren t  being drawn by the motor i n  operat ion.  
By using pre- f l igh t  c a l i b r a t i o n  data, this measurement can be 
used i n  analyzing the fo rce  necessary t o  scrape o r  d i g  the 
su r face  and break small rocks o r  c lods.  

I n  the event of a camera f a i l u r e ,  where the  sur face  
sampler must be used i n  t h e  blind, the fo rce  measurements w i l l  
be  of some, bu t  less value, i n  analyzing the operat ion of the 
instrument .  For maximum success of the  experiment, the su r face  
sampler i s  dependent upon v i s u a l  data from the TV camera. 

The scoop, arm, motors, and housing f o r  the device t o t a l  
about 8.4 pounds. The instrument 's  e l e c t r o n i c s  u n i t ,  loca ted  
i n  a separate thermal-control compartment, weighs about 6.3 
pounds. 

P r i n c i p a l  s c i e n t i f i c  i n v e s t i g a t o r  for the sur face  sampler 
experiment i s  Dr. Ronald F. Scot t  of the Ca l i fo rn ia  I n s t i t u t e  
of Technology. 
Hughes A i r c r a f t  Company. 

The instrument was designed and b u i l t  by the 

m n e t i c  Test 

The purpose of t h i s  test ,  u t i l i z i n g  a small magnet a t tached  
t o  a footpad, i s  t o  determine whether magnetic p a r t i c l e s  are 
p resen t  i n  the surface l a y e r  of lunar  s o i l .  

The magnet i s  a bar, two inches long by 4 inch wide by 
l/8 inch th i ck ,  mounted v e r t i c a l l y  on footpad #2 i n  view of 
t h e  t e l e v i s i o n  camera. Photographs of the  bar taken a t  var ious 
Sun angles  would show magnetic p a r t i c l e s  a t t r a c t e d  t o t h e  magnet 
if t h e r e  are any on the lunar  surface.  

-more - 



-1ga- 



-20- 

A second bar --nonmagnetic-- i s  a l s o  moun-ed on the  foo t -  
pad t o  serve as a con t ro l  for t h e  test by permit t ing a comparison 
of the  amount of mater ia l  adhering t o  the  nonmagnetic bar, i f  any, 
w i th  t he  amount adhering t o  t h e  magnetic bar. 

The magnet i s  made of an iron-nickel-cobalt-aluminum 
a l l o y .  The con t ro l  bar i s  an a l l o y  of iron-nickel-cobalt  which 
has a very low magnetic permeabili ty.  The two-bars are screwed 
t o  a mounting bracket  which i s  at tached t o  the footpad. Weight 
of the e n t i r e  assembly i s  about two ounces. The bars and 
mounting a r e  painted du l l  l i gh t  blue f o r  c o n t r a s t  t o  dark lunar  
ma te r i a l .  

Engineering Instrumentation 

Engineering eva lua t ion  of the Surveyor f l i g h t  w i l l  be 
augmented by an engineering payload including an auxiliary 
battery,  auxiliary processor  f o r  engineering information, and 
instrumentat ion cons i s t ing  of extra temperature sensors,  s t r a i n  
gauges f o r  gross  measurements of vern ier  engine response t o  
f l i g h t  c o n t r o l  commands and shock absorber loading a t  touch- 
down, and e x t r a  accelerometers f o r  measurements of v e r n i e r  engine 
response t o  f l i g h t  c o n t r o l  commands and shock absorber loading 
a t  touchdown, and e x t r a  accelerometers for measuring s t r u c t u r a l  
v i b r a t i o n  during main r e t r o  burn. 

The a u x i l i a r y  b a t t e r y  will provide a backup f o r  both 
emergency power and peak power demands t o  the  main b a t t e r y  
and the s o l a r  panel. It i s  not rechargeable. 

The a u x i l i a r y  engineering s igna l  processor  provides two 
a d d i t i o n a l  te lemetry commutators f o r  determining the performance 
of the spacecraf t .  It processes the information i n  the same 
manner as the  engineering s ignal  processor,  providing a d d i t i o n a l  
s i g n a l  capac i ty  and redundancy. 

-more- 
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ATLAS-CENTAUR LAUNCH VEHICLE 

Atlas-Centaur 11 w i l l  be the fou r th  i n  a series of 
ope ra t iona l  launch vehic les  designed to launch and i n j e c t  
Surveyor spacec ra f t  on lunar  mission t r a j e c t o r i e s .  Two 
previous Surveyors (I and 11) were launched v i a  d i rec t -  
a scen t  t r a j e c t o r i e s  and one (111) using the parking o r b i t  
method. 

The Atlas-Centaur vehicle has been developed by NASA t o  
launch medium-weight s c i e n t i f i c  spacec ra r t  on lunar  and i n t e r -  
p l ane ta ry  missions.  The vehicle  has a cur ren t  payload capa- 
b i l i t y  of about 2,350 pounds f o r  d i rec t -ascent  missions t o  the 
Moon. 

An improved Atlas ,  ca l l ed  SLV-3C, w i l l  increase  Atlas- 
Centaur 's  payload c a p a b i l i t y  t o  about 2,700 pounds f o r  
d i r ec t - a scen t  l una r  missions.  The SLV-3C Centaur vehicle ,  w i l l  
b e  used i n i t i a l l y  l a t e r  t h i s  year t o  boost the  Surveyor E 
spacec ra f t  t o  the Moon. 

I n  add i t ion  t o  i t s  Surveyor launch assignment, the  Atlas- 
Centaur combination has been se lec ted  t o  launch two Mariner 
spacec ra f t  on missions t o  Mars i n  1969, three Orb i t ing  Astro- 
nomical Observatories beginning i n  1968, and two Applications 
Technology Satel l i tes  also s t a r t i n g  i n  1968. 

-more- 
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L i f t o f f  Weight: 
L i f t o f f  Height: 
Launch Complex : 

breight ( a t  liftoff) 

Height 

Thrust  

Propel lan ts  

Propulsion 

Velocity 

Guidance 

Launch Vehicle Fact Sheet 

(All f i g u r e s  approximate ) 

303,000 lbs. 
113 feet  
36-A 

Atlas Booster Centaur Stage 

263,000 lbs. 37,600 l b s .  

75 feet  ( including 48 feet  ( w i t h  
i n t e r s t age  adapter) f a i r i n g )  

level)  a l t i t u d e )  

( less  payload) 

388,000 l b s .  (sea 30,000 IbS. (at 

RP-1 ( f u e l )  and L i q u i d  hydrogen 
l i q u i d  ox gen ( f u e l )  and l i q u i d  
(oxidizer  3 oxygen (oxid izer )  

MA-5 system (2- 
165,000 lb. t h r u s t  
booster engines,  1-57,OOO 
lb. s u s t a i n e r  engine, and 
2-670 l b .  vernier engines) 

Two RL-10 engines 

5,560 mph a t  BECO 
7,800 mph at SECO i n j e c t i o n  

Pre-programmed auto- I n e r t i a l  
p i l o t  thrpugh BECO 

23,700 mph a t  

-more - 
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TRACKING AND COMMUNICATION 

The f l i g h t  of the  Surveyor spacecraf t  from i n j e c t i o n  t o  
t h e  end of the mission w i l l  be monitored and con t ro l l ed  by 
the  Deep Space Network (DSN) and the Space F l igh t  Operations 
F a c i l i t y  (SFOF) operated by the Je t  Propulsion Laboratory. 

Some 300 persons w i l l  be involved i n  Surveyor f l i g h t  
monitoring and con t ro l  du r ing  peak times i n  the  mission. On 
t he  Surveyor I f l i g h t  more than 100,000 ground commands were 
received and acted on by the spacecraf t  during f l i g h t  and 
a f t e r  the  s o f t  landing. 

The Deep Space Network cons i s t s  of s i x  permanent space 
communications s t a t i o n s  i n  Austral ia ,  Spain, South Afr ica  and 
Ca l i fo rn ia ;  a spacec ra f t  monitoring s t a t i o n  a t  Cape Kennedy; 
and a spacecraf t  guidance and a command s t a t i o n  a t  Ascension 
I s l a n d  i n  the South A t l a n t i c .  

The DSN f a c i l i t i e s  assigned t o  the  Surveyor p r o j e c t  are 
Pioneer a t  Goldstone, Calif .; Robledo, Spain; T idb inb i l l a  i n  
t h e  Canberra complex, Austral ia ;  Ascension Is land;  and 
Johannesburg, South Afr ica .  

The Goldstone f a c i l i t y  i s  operated by J P L  wi th  the 
a s s i s t a n c e  of the Bendix F i e l d  Engineering Corp. The 
T i d b i n b i l l a  f a c i l i t y  i s  operated by the Aus t r a l i a  Department 
of Supply. The Robledo f a c i l i t y  i s  operated by J P L  under an 
agreement with the Spanish government and the su p o r t  of 
I n s t i t u t o  Nacional de Tecnica Aeroespacial (INTA P and the 
Bendix F ie ld  Corp. The Ascension I s land  DSN f a c i l i t y  i s  
operated by J P L  w i t h  Bendix support under a cooperative agree- 
ment between the United Kingdom and the  U.S. 

The DSN uses a ground communications system f o r  ope ra t iona l  
c o n t r o l  and data transmission between these  s t a t i o n s .  The 
ground communications system i s  a p a r t  of a larger n e t  (NASCOM) 
which l i n k s  a l l  of the NASA s t a t i o n s  around the world. This 
n e t  I s  under the  t echn ica l  d i r e c t i o n  of N A S A ' s  Goddard Space 
F l igh t  Center, Greenbelt ,  Md. 

The DSN supports t h e  Surveyor f l i g h t  i n  t racking  the  
spacec ra f t ,  rece iv ing  telemetry from the spacecraf t ,  and sending 
i t  commands. The DSN renders this support  t o  a l l  of N A S A ' s  
unmanned luna r  and p lane tary  spacecraf t  from the t i m e  they are 
i n j e c t e d  i n t o  p l ane ta ry  o r b i t  u n t i l  they complete their  
missions.  

S t a t i o n s  of the DSN receive the spacec ra f t  radio s i g n a l s ,  
amplify them, process them t o  separa te  the data from the 
c a r r i e r  wave and t ransmit  required po r t ions  of the data t o  

-more- 
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t h e  command cen te r  v i a  high-speed data l i n e s ,  rad io  lirrks, and 
teletype. 
l i n e s .  

The information t ransmit ted from the  DSN s t a t i o n s  t o  t h e  
SFOF I s  fed i n t o  large s c a l e  computer systems which t r a n s l a t e  
the d ig i t a l  code i n t o  engineering u n i t s ,  separate information 
p e r t i n e n t  t o  a given subsystem on the spacecraf t ,  and d r ive  
d isp lay  equipment i n  t h e  SFOF t o  present  the information t o  the 
engineers  on the p r o j e c t .  All incoming data are again recorded 
i n  the computer memory system and a r e  a v a i l a b l e  on demand. 

The s t a t i o n s  are a l s o  l inked with the  cen te r  by voice 
A l l  incoming data are recorded on magnetic tape. 

Equipment f o r  monitoring t e l e v i s i o n  recept ion from 
Surveyor i s  loca ted  i n  the  SFOF. 

Some of the equipment i s  designed t o  provide quick-look 
information for decis ions  on commanding the camera t o  change 
i r is  settings, change the f i e l d  of view from narrow angle t o  
wide angle, change focus, o r  t o  move the camera either 
h o r i z o n t a l l y  o r  v e r t i c a l l y .  Televis ion monitors display the 
p i c t u r e  being received. 
l i n e  and each l i n e  is held on a long pe r s i s t ence  t e l e v i s i o n  
tube u n t i l  the p i c t u r e  i s  complete. A s p e c i a l  camera system 
produces p r i n t s  of the p i c tu re s  f o r  quick-look ana lys i s .  

Other equipment will produce bet ter  q u a l i t y  p i c t u r e s  f r o m  
nega t ives  produced by a prec is ion  f i l m  recorder .  

The p i c tu re s  a r e  received l i n e  by 

Commands t o  operate  t h e  camera w i l l  be prepared i n  
advance on punched paper tape and forwarded t o  the  s t a t i o n s  
of the DSN. They w i l l  be t ransmit ted t o  the spacec ra f t  from 
the DSN s t a t i o n  on orders  from the SFOF. 

Three t echn ica l  teams support t he  Surveyor t e l e v i s i o n  
mission i n  the SFOF: one is  responsible  f o r  determining the 
t r a j e c t o r y  of the spacecraf t  including determinat ion of launch 
per iods  and launch requirements, genera t ion  of commands f o r  
the midcourse and terminal  maneuvers; t he  second is  respons ib le  
f o r  continuous eva lua t ion  of  the condi t ion of the spacec ra f t  
from engineering data radioed t o  Earth;  t he  t h i r d  i s  responsible  
f o r  eva lua t ion  of data regarding the spacecraf t  and f o r  
generating commands con t ro l l i ng  the spacec ra f t  operat ions.  

-more- 
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TRAJ' ZCTORY 

The determination of' possible  launch days, specific times 
during each day and the Earth-Ploon t r a j e c t o r i e s  f o r  the Sur- 
veyor spacec ra f t  are based GII a number of f a c t o r s ,  o r  
c o n s t r a i n t s .  

A primary c o n s t r a i n t  i s  t h e  t i m e  span during each day the  
Surveyor can be launched -- the  launch window -- which i s  de- 
terrr-lned by the requirement t h a t  the launch s i t e  a t  launch time 
and the Moon a t  a r r i v a l  time be contained i n  the Earth-Noon 
t r a n s f e r  o r b i t  plane,  With the  launch s i t e  moving eastward as 
the Ear th  revolves,  acceptab le  condi t ions occur o n l y  once each 
day f o r  a given plane.  

The launch azimuth cons t ra in t  of 78 t o  115 degrees i s  im- 
posed by the  range s a f e t y  considerat ion of allowing the  i n i t i a l  
launch phase only over the ocean, not over land  masses. 

The time of' f l i g h t ,  o r  the time t o  landing, about 61-65 
hours, i s  determined by the cons t ra in t  placed upon the t r a j e c -  
t o r y  engineer  t h a t  Surveyor must reach the  Moon during the view- 
ing per iod  of the p r a e  Deep Space N e t  s t a t i o n  a t  Goldstone i n  
t h e  Cal i forn ia  Mojave Desert. 

Landing s i tes  are f u r t h e r  l imited by the  curvature of the 
Moon. even i f  it 
fa l l s  wi th in  the  acceptable  band, i f  the curvature  of the Moon 
w i l l  i n t e r f e r e  w i t h  a d i r e c t  communication l i n e  between the 
spacecraf t  and the  Earth. 

The t r a j e c t o r y  engineer cannot p i ck  a s i te ,  

Two o the r  f a c t o r s  i n  landing s i t e  s e l e c t i o n  are smoothness 
of t e r r a i n  and 8 requirement f o r  Surveyor t o  land, i n  areas se- 
l e c t e d  for  the  Apollo manned lunar  mission. 

Thus the  t r a j e c t o r y  engineer must t i e  toge ther  the  launch 
c h a r a c t e r i s t i c s ,  t h e  landing s i t e  locat ion,  the dec l ina t ion  of 
the Moon and fl ight time, i n  determining when t o  launch, I n  
which d i r ec t ion ,  and a t  what ve loc i ty .  

H i s  chosen t r a j e c t o r y  also must not v i o l a t e  c o n s t r a i n t s  on 
the time allowable that the Surveyor can remain i n  the Earth's 
shadow. Too long a per iod  can r e s u l t  I n  malfunction of com- 
ponents or  subsystems. I n  addi t ion,  the Surveyor must no t  re- 
main i n  the shadow of the Moon beyond given limits. 

-more- 





The ve loc i ty  of t he  spacecraf t  when it a r r i v e s  a t  the Moon 
must a l s o  f a l l  wi th in  defined limits. These limits are def ined 
by the re t ro rocke t  capab i l i t y .  
Moon is primarily co r re l a t ed  with the  f l ight  time and the Earth- 
Moon d i s t ance  f o r  each launch day. 

The ve loc i ty  r e l a t i v e  t o  the 

So, a f u r t h e r  requirement on the t r a j e c t o r y  engineer I s  the 
amount of' f u e l  ava i l ab le  t o  slow t h e  Surveyor f rm its luna r  ap- 
proach speed of 6,000 mph t o  near ly  zero veloci'ty,13 feet above 
the Moon's sur face .  The chosen t r a j e c t o r y  must not yield velo- 
c i t i e s  that are beyond the designed c a p a b i l i t i e s  of the space- 
c r a f t  propuls ion system. 

Also included i n  t r a j e c t o r y  computation is the inf luence  on 
the fl ight path and ve loc i ty  of the spacec ra f t  of the  g rav i t a -  
t i o n a l  a t t r a c t i o n  of p r imar i ly  the Earth and Moon and t o  a lesser 
degree the Sun, Mercury, Venus, Mars, and J u p i t e r .  

It is not  expected tha t  the launching can be performed with 
s u f f i c i e n t  accuracy t o  impact the Moon i n  exac t ly  the desired 
area. The unce r t a in t i e s  involved i n  a launch usua l ly  yield a 
t r a j e c t o r y  o r  an i n j e c t i o n  ve loc i ty  that vary sl ightly from the 
desired values.  The unce r t a in t i e s  are due t o  inherent  limita- 
t i o n s  i n  the guidance system of the launch vehicle .  To campen- 
sate, l u n a r  and deep space spacecraf t  have the capab i l i t y  of per- 
forming a midcourse maneuver 01' t r a j e c t o r y  cor rec t ion .  
the t r a j e c t o r y  of a spacecraf t  it is  necessary t o  apply th rus t ,  
o r  energy, i n  a s p e c i f i c  d i r e c t i o n  t o  change i t s  ve loc i ty .  The 
t r a j e c t o r y  of a body a t  a poin t  in space being b a s i c a l l y  deter- 
mined by i ts  ve loc i ty .  

To alter 

For example, a simple midcourse m i g h t  involve co r rec t ing  a 
too  high i n j e c t i o n  ve loc i ty .  To co r rec t  f o r  t h i s  the spacec ra f t  
would be commanded t o  t u r n  i n  space u n t i l  i ts  midcourse engines 
were po in t ing  i n  its d i r e c t i o n  of t r a v e l .  Thrus t  from the en- 
g ines  would slow t h e  c r a f t .  However, i n  the genera l  case the 
midcourse is  far more complex and w i l l  involve changes both i n  
ve loc i ty  and i ts  d i r ec t ion  of t rave l .  

A c e r t a i n  amount of t h r u s t  applied i n  a s p e c i f i c  d i r e c t i o n  
can achieve both changes. Surveyor w i l l  use  i t s  three l i q u i d  
f u e l  ve rn ie r  engines t o  a l t e r  its f l ight  path i n  the midcourse 
maneuver. It w i l l  be commanded t o  r o l l  and then t o  p i t c h  o r  yaw 
in orde r  t9 po in t  the  three engines i n  the required d i r ec t ion .  
The engines then burn 10.g enough t o  apply the  change i n  ve loc i ty  
requi red  t o  a l ter  the t r a j ec to ry ,  

The change i n  the t r a j e c t o r y  is very slight a t  t h i s  po in t  
and a t r ack ing  per iod of about 20 hours is requi red  t o  determine 
the r?ew traJectnry, This determination w i l l  a l s o  provide the  data 
requ i r ed  t o  p r e d i c t  the spacec ra f t ' s  angle  of approach t o  the 
Moono time of arrival, and i ts  ve loc i ty  as it approaches the  Moon. 

-more- 
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ATLAS-CENTAUR ll/SURVEYOR D FLIGHT PLAN 

Surveyor D w i l l  be launched by Atlas-Centaur 11 i n t o  a 
d i r ec t - a scen t  lunar  t r a j ec to ry .  

The primary t a s k  f o r  Atlas-Centaur 11 on t h e  Surveyor D 
f l i g h t  i s  t o  i n j e c t  the Surveyor spacec ra f t  on a lunar - t ransfer  
t r a j e c t o r y  w i t h  s u f f i c i e n t  accuracy s o  that  the midcourse 
maneuver cor rec t ion  required some 15 t o  20 hours a f te r  l i f t o f f  
does not  exceed 50 meters/second o r  111.85 miles-per-hox.  

maneuver to  avoid impacting the Moon and t o  prevent Surveyor 's  
star seeker from mistaking the spent Centaur f o r  i t s  o r i e n t i n g  
s tar, Canopus . 

The Centaur stage a l s o  i s  required t o  perform a r e t r o -  

Launch Periods 
0 

Arr iva l  Time 
Launch Window (Based on e a r l i e s t  

Date Open Close Date launch t ime) 

13 7 :03  a.m. 7:07 a.m. 16 12:18 a.m. 

14 7 : 5 3  a.m.  8:30 a.m. 16 10:21 p.m. 

15 8:43 a.m. 1 O : O l  a.m. 17 l O : 2 5  p.m. 

16 9:43 a.m. 11:06 a.m. 18 11:42 p.m. 

17 10:44 a.m. 1.2~08 p.m. 20 12:46 a.m. 

A?;las Phase 

A l l  f i v e  of the  Atlas engines -- three main engines and 
two ve rn ie r  con t ro l  engines -- are  i g n i t e d  p r i o r  to  l i f t o f f .  
For the first two seconds the Atlas-Centaur w i l l  r i se  v e r t i c a l l y  
and then r o l l  f o r  13 seconds t o  the desired f l i g h t  plane azimuth 
of  80 t o  6115 degrees depending upon t i m e  o f  launch. 

Af te r  15 seconds of f l i g h t ,  the  vehic le  begins p i t ch ing  
over t o  the des i red  f l i g h t  t r a j e c t o r y  which continues throughout 
t he  Atlas-powered phase of t h e  f l i g h t .  

A t  T p l u s  144 seconds, booster engine cu to f f  (BECO) occurs 
when an acce le ra t ion  l e v e l  of  5.7 g i s  sensed. Three seconds 
l a t e r  the booster  engine package i s  j e t t i soned .  The s u s t a i n e r  
engine continues t o  propel  t he  vehicle and Centaur i n e r t i a l  
guidance begins i t s  s t e e r i n g  functions.  

-more- 
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Atlas s u s t a i n e r  engine cutoff (SECO) occurs a f te r  239 
seconds of f l i g h t  a t  an a l t i t u d e  of about 90 miles. Two 
seconds la ter  Atlas and Centaur are separated by a f lexible  
shaped charge which severs  t h e  i n t e r s t a g e  adapter. Eight 
r e t r o r o c k e t s  on the Atlas a r e  f ired t o  inc rease  the r a t e  of 
s epa ra t ion  . 

Centaur Phase 

A t  T p lus  250 seconds, Centaur 's  two hydrogen-oxygen 
RL-10 engines are i g n i t e d  for a planned burn of 435 seconds. 
Centaur i g n i t i o n  occurs a t  about 96 miles a l t i t u d e  when the  
veh ic l e  i s  236 miles down range t r ave l ing  a t  a ve loc i ty  of 
7,800 MPH. 

After 685 seconds of f l i g h t ,  Centaur 's  propulsion system 
i s  shu t  down when the  guidance system senses tha t  the  vehic le  
has a t t a i n e d  proper ve loc i ty .  I n j e c t i o n  ve loc i ty  v a r i e s  w i t h  
t i m e  and day of launch, but  i s  approximately 23,700 mph. 

Shor t ly  af ter  Centaur engine shutdown, the  Centaur pro- 
gramer commands Surveyor 's  legs and two omnidirectional antennas 
t o  extend, and orders  the s p a c e c r a f t ' s  t r a n s m i t t e r  t o  high power. 
A t  T p lus  756 seconds and an a l t i t u d e  of 107 miles, the pro- 
gramer commands separa t ion  of Surveyor from Centaur. Three 
spring-loaded cy l inders  force  the  spacecraf t  and vehic le  apart .  

F i v e  seconds a f te r  spacecraf t  separat ion,  Centaur i s  
r o t a t e d  180 degrees by i t s  a t t i t u d e  con t ro l  system i n  order  
t o  perform a retromaneuver. Unused p rope l l an t s  are then blown 
through the rocket  t h r u s t  chambers t o  increase  separa t ion  of 
Centaur and Surveyor -- t h e  r e su l t  i s  t h a t  some f i v e  hours 
l a t e r  they a r e  a t  least  208 miles apart. T h i s  e l imina tes  the  
p o s s i b i l i t y  that Surveyor 's  s tar  t r a c k e r  w i l l  misthkenly lock 
on Centaur. Centaur 's  t r a j e c t o r y  i s  thereby altered t o  
prevent  i t  from impacting t h e  Moon. 

A t  l i f t o f f  plus  21 minutes, Atlas-Centaur w i l l  have com- 
pleted i t s  mission and the  Centaur stage w i l l  continue i n  a 
highly e l l i p t i c a l  E a r t h  o r b i t ,  extending more than 257,000 
miles i n t o  space and c i r c l i n g  the  Earth once each 11.3 days. 

F i r s t  Surveyor Events 

Shor t ly  a f te r  Centaur engine shutdown, the programmer 
commands Surveyor 's  l egs  and two onmidirect ional  antennas 
t o  extend and orders  the spacec ra f t ' s  t r a n s m i t t e r  t o  high power. 

After Surveyor sepapates fror, pn=+q-tn 3n g r r t n m a f - 1  P 
UALC U G L L U U U A  U I I  UUUV.*.UY-- 
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command is given by the spacecraft to fire explosive bolts 
to unlock the solar panel. A stepping motor then moves the 
panel to a prescribed position. Solar panel deployment can 
also be commanded from the ground if the automatic sequence 
fails. 

Surveyor will then perform an automatic Sun-seeking man- 
euver to stabilize the pitch and yaw axes and to align its 
solar panel with the Sun for conversion of sunlight to elec- 
tricity to power the spacecraft. Prior to this event the 
spacecraft main battery is providing power. 

The Sun acquisition sequence begins immediately after 
separation from Centaur and simultaneously with the solar panel 
deployment. The nitrogen gas jet system, which is activated 
at separation, will first eliminate random pitch, roll and 
yaw motions resulting from separation from Centaur. 
sequence of controlled roll and yaw turning maneuvers is 
commanded for Sun acquisition. 

Then a 

Sun sensors aboard Surveyor will provide signals to the 
attitude control gas jets to stop the spacecraft when it I s  
pointed at the Sun. 
will fire intermittently to control pitch and yaw attitude. 
Pairs of attitude control jets are located on each of the three 
landing legs of the spacecraft. 

Once locked on the Sun, the gas jets 

In the event the spacecraft does not perform the Sun 
seeking maneuver automatically, this sequence can be com- 
manded from the ground. 

The next critical step for Surveyor is acquisition of 
its radio signal by the Deep Space Net tracking stations at 
Ascension Island and Johannesburg, South Africa, the first 
DSN stations to see Surveyor after launch. 

It is critical at this point to establish the communi- 
cations link with the spacecraft to receive telemetry to 
quickly determine the condition of the spacecraft, for com- 
mand capability to assure control, and for Doppler measure- 
ments from which velocity and trajectory are computed. 

approximately one hour wir;hout overheating. 
however, that the ground station will lock on to the space- 
craft's radio signal within 40 minutes after launch and if 
overheating i e r  indicated, the transmitter can be commanded 
to low power. 

The transmitter can only operate at high power for 
It is expected, 

The next major spacecraft event after the Sun has been 
acquired is Canopus acquisition. Locking on the star 
C&mpus provides a fixed inertial reference for the roll orienta- 
t ion. 

-more- 
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Canopus Acquisit ion 

Canopus a c q u i s i t i o n  w i l l  be commanded from the ground 
about s i x  hours af ter  launch. The gas Jets  w i l l  f i r e  t o  r o l l  
the spacec ra f t  a t  0.5 degree per second. When the  sensor  
sees the predic ted  br ightness  of Canopus ( t h e  b r i  h tes t  star 
i n  the  Southern Hemisphere) it w i l l  order  t he  r o l t  t o  s t o p  
and lock o n t h e  star. 
i t  i s  seeing w i l l  be telemetered t o  Earth t o  v e r i f y  that 
i t  is  locked on Canopus. 

The br ightness  of the l i g h t  source 

Ver i f i ca t ion  can a l s o  be provided by a ground command 
order ing  a 360 degree r o l l  and the p l o t t i n g  of each l i g h t  source 
the sensor  sees that i s  i n  the s e n s i t i v i t y  range of the sensor. 
(The sensor  w i l l  ignore l i g h t  l e v e l s  above and below given 
i n t e n s i t i e s . )  T h i s  star map can be compared w i t h  a map pre- 
pared before  launch t o  v e r i f y  t h a t  t he  spacecraf t  is locked on 
Canopus . 

Now properly or ien ted  on t h e  Sun and on Canopus, Sur- 
veyor i s  i n  the coast  phase of the t r a n s i t  t o  the Moon. 
Surveyor i s  t r ansmi t t i ng  engineering data t o  Earth and 
r ece iv ing  commands v i a  one of i ts  omnidirectional antennas. 
Tracking data is  obtained from the po in t ing  d i r e c t i o n  of 
ground antenna and observed frequency change (Doppler) . 
a d d i t i o n a l  power f o r  peak demands is being provided by one of 
two batteries aboard. The gas j e t s  are f i r i ng  i n t e r m i t t e n t l y  
t o  keep the  c r a f t  a l igned  on the Sun and Canopus. 

The s o l a r  panel  is providing e l e c t r i c a l  power and 

The engineering and tracking information is received 
from Surveyor a t  one of the s t a t i o n s  of the Deep Space N e t ,  
The data i s  communicated t o  the  Space F l igh t  Operations 
F a c i l i t y  (SFOF) a t  the  Jet Propulsion Laboratory i n  Pasa- 
dena where the f l i g h t  path of the spacec ra f t  i s  c a r e f u l l y  
ca l cu la t ed  and the condi t ion of the spacec ra f t  continuously 
monitored. 

Midcourse Maneuver 

Tracking data w i l l  be used t o  determine how large a 
t r a j e c t o r y  co r rec t ion  must be made t o  land Surveyor i n  the 
given target area. This t r a J e c t o r y  cor rec t ion ,  c a l l e d  the 
midcourse maneuver, i s  r e q u i r e d  because of many uncertain-  
t i e s  i n  the  launch operat ion t h a t  prevent absolu te  accuracy 
i n  p lac ing  a spacecraf t  on a t r a j e c t o r y  t h a t  w i l l  i n t e r c e p t  
t he  Moon p r e c i s e l y  a t  t h e  desired landing poin t .  

The midcourse maneuver i s  timed t o  occur over t he  Goldstone 
s t a t i o n  of the  DSN i n  t h e  Mojave Desert, t h e  t r ack ing  s t a t i o n  
nea res t  the SFOF a t  ZPL. 

-more - 
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The thrust f o r  $he midcourse maneuver w i l l  be provided by 
the s p a c e c r a f t ' s  three l i q u i d  f u e l  ve rn ie r  engines. Tota l  t h r u s t  
l e v e l  i s  cont ro l led  by an accelerometer a t  a constant  acce l -  
e r a t i o n  equal t o  0.1 Earth g (3.2 ft/sec/sec). 
errors are sensed by gyros which can cause the ind iv idua l  
engines t o  change t h r u s t  l e v e l  t o  c o r r e c t  p i t c h  and yaw 
e r r o r s  and swivel one engine t o  co r rec t  r o l l  e r r o r s o  

Pointing 

Fl ight  c o n t r o l l e r s  determine the requi red  t r a j e c t o r y  
change t o  be accomplished by the  midcourse maneuver. I n  
order  t o  a l i g n  the engines i n  the proper d i r e c t i o n  t o  apply 
t h r u s t  to change the t r a j ec to ry ,  or f l i gh t  path,  Surveyor will 
be commanded t o  r o l l ,  then p i t c h  or  yaw t o  achieve t h i s  
alignment. Normally, two maneuvers are required,  a ro l l -p i t ch  
o r  a roll-yaw. 

The dura t ion  of the  first maneuver i s  radioed t o  the  
spacecraf t ,  s to red  aboard and re-transmitted back t o  Earth 
f o r  v e r i f i c a t i o n .  Assured that  Surveyor has received the 
proper  information, it is then corqmanded t o  perform the 
first maneuver. When completed, the second maneuver is  
handled i n  the same fashion. 
proper ly  i n  space, the number of seconds of required t h r u s t  is 
t ransmi t ted  t o  the spacecraf t ,  stored, v e r i f i e d  and then 
executed . 

With the spacec ra f t  now a l igned  

I n  the  event of a f a i l u r e  of the automatic timer aboard 
the spacecraf t  which checks out the dura t ion  of each maneuver 
t u r n  and firing period, each step i n  the sequence can be 
performed by c a r e f u l l y  timed ground commands. 

After completion of t h e  midcourse maneuver, Surveyor 
reacqui res  the Sun and Canopus. Again Surveyor i s  i n  the  
c r u i s e  mode and the  next c r i t i c a l  event w i l l  be the terminal 
maneuver. 

Terminal Sequence 

The f irst  s tep starts a t  about 1,000 miles  above the 
Moon's surface.  
the  f l i g h t  path and o r i e n t a t i o n  of the Surveyor with respec t  
t o  the Moon and the target area; Normally they w i l l  be a 
roll followed by a yaw o r  a p i t ch  turn.  A s  i n  the  midcourse 
maneuver, the durat ion times of the  maneuvers a r e  radioed 
t o  the spacecraf t  and t h e  gas j e t s  f i r e  t o  execute the re- 
quired roll and p i t c h  and yaw. The o b j e c t  of  the  maneuver 
i s  to  a l i g n  t h e  main r e t r o  s o l i d  rocket  with the descent 
path. To perform the maneuvers, the spacecraf t  w i l l  break 
i t s  lock on the Sun and Canopus. A t t i t ude  con t ro l  w i l l  be 
maintained by i n e r t i a l  sensors.  Gyros w i l l  sense changes i n  
the a t t i t u d e  and order  the gas je ts  t o  f i r e  t o  maintain the 
G W L I C L ~  ----..- U V W ~ " U U U  ~ f f ; f r r d -  1lnf.i l  -.."-e thp retrorocket i s  igni ted .  

The exact  descent maneuvers w i l l  depend on 

-more - 
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With the  spacecraf t  properly al igned,  the a l t i t u d e  mark- 
ing radar will be ac t iva ted ,  by ground command, a t  approximately 
200 miles above the  Moon's surface.  A l l  subsequent terminal  
events  w i l l  be automatical ly  cont ro l led  by radars and the f l i g h t  
c o n t r o l  programmer. The a u x i l i a r y  b a t t e r y  w i l l  be connected 
t o  he lp  the  w i n  ba t te ry  supply t h e  heavy loads required during 
deacent . 

A t  approximately 60 miles' s l a n t  range from the Moon's 
surface,  the marking radar s ta r t s  the f l i g h t  con t ro l  program- 
mer c lock  which then counts down a previously s to red  delay 
time and then commands i g n i t i o n  of the s o l i d  propel lan t  main 
re t ro  and the three l i q u i d  fueled,  thrott leable v e r n i e r  engines. 
The v e r n i e r  engines maintain a constant spacecraft a t t i t u d e  dur- 
i ng  main r e t r o  f i r i n g  i n  the same manner as during midcourse 
t h r u s t i n g .  

The spacecraf t  w i l l  be t r ave l ing  a t  approximabely 6,000 
miles-per-hour. The main re t ro  w i l l  burn out  i n  40 seconds 
a t  about 25,000 feet  above the surface a f t e r  reducing the 
v e l o c i t y  t o  about 250 miles-per-hour. The casing of the main 
r e t r o  is  separated from the spacecraf t ,  on command from t h e  
programmer 12 seconds a f te r  burnout, by explosive b o l t s  and 
falls  free. 

After burnout the f l i g h t  cont ro l  programer w i l l  c o n t r o l  
the t h r u s t  l e v e l  of the inea  u n t i l  the Radar A l t i -  

s i g n a l s  From the Moon's surface.  
meter and Doppler Velocity RADVS) locks up on i t s  r e t u r n  

Deacent w i l l  then be cont ro l led  by the W V S  and the ve rn ie r  
engines.  Signals  from RADVS w i l l  be processed by the f l i g h t  
con t ro l  e l e c t r o n i c s  t o  t h r o t t l e  the three v e r n i e r  engines re- 
ducing v e l o c i t y  as the a l t i t u d e  decreases. A t  13 feet above the 
surface,  Surveyor w i l l  have been slowed t o  three miles per hour. 
A t  t h i s  po in t  the  engines are shut off  and the  spacecraft free 
f a l l s  t o  the surface.  

Immediately af ter  landing, f l i g h t  c o n t r o l  power i s  
turned o f f  t o  conserve battery power. 

-more - 
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Post-landing Events 

O f  prime i n t e r e s t  t o  the engineers who designed Surveyor 
w i l l  be the engineering telemetry received during the descent 
and touchdown, 
eeriag telemetry t o  determine the  condi t ion of the spacecraft, 
Then a series of wide angle, 200-line t e l e v i s i o n  p i c t u r e s  will 
be taken. 

Touchdown will be followed by per iods of engin- 

The s o l a r  panel and high gain planar  array antenna w i l l  
t hen  be a l igned  with the Sun and Earth, respec t ive ly .  If the  
high-gain antenna is successfully operated to look on Earth, 
transmisfhion of 600-1ine t e l e v i s i o n  pkctures will begin. If 
it is necessary t o  operate through one of the low-gain, omni- 
d i r e c t i o n a l  antennas,  add i t iona l  200-line p i c t u r e s  w i l l  be 
t ransmit ted.  

The lifetime of Surveyor on the sur face  will be detemlned 
by a number of f a c t o r s  such as the power remaining i n  the 
batteries i n  the event that the  Sun is  not acquired by the solar 
panel and spacecraf t  r eac t ion  t o  the in tense  heat of the l l n a r  
day and the  deep cold of the l u n a r  n ight .  

-more- 
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U.S. Geological Survey 

Dr. Ronald F. Scot t  
Cal i fornia  I n s t i t u t e  of 

Technology 

Te l e  v i  s i  on 

Surface Sampler 

HUGHES AIRCRAFT COMPANY, CULVER CITY, CALIF. 

Dr .  Robert L. Roderick Surveyor Program Manager 
Assis tant  Manager -- Lunar 

Programs 

Robert E. Sears Associate Program Manager 

Richard R. Gunter Assistant Program Manager 
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GENERAL DYNAMICS/COWAIR, SAN DIEGO, CALIF. 

Grant L. Hansen Vice President, Launch Vehicle 
Programs 

Richard Anchutze RL-10 Engine Project  Manager 

HOPJEYWEU, INC.,  ST, PETERSBURG, FLA. 

R. B. Foster Centaur Guidance Program 
Manager 

SURVEYOR/ATLAS-CENTAUR SUBCONTRACTORS 

Surveyor 

AiResearch Div i s ion  
Garrett Corporation 
Torrance, Calif. 

Airite 
E l  Segundo, Calif. 

Airtek 
Fansteel  Metallurgical Corp, 
Compton, Calif . 
Ampex 
Redwood City, Calif. 

Astrodata 
Anaheim, Calif. 

Bell & Howell Company 
Chicago, Ill. 

Bendlx Corporation 
Products Aerospace Mvision 
South Bend, Indiana 

Borg-Warner 
Santa Ana, Calif. 

Brunson 
Kansas City, Kansas 

Carleton Controls 
EGffalo, Nc?w Ysrk 

Ground Support Equipment 

Nitrogen Tanks 

Propellant Tanks 

Tape Recorder 

&commutators and Subcarrler 
Discriminator Systems 

Camera Lens 

Landing Dynamics S t a b i l i t y  
Study 

Tape Recorder 

Optical Alignment Equipment 

H e l i u m  Regulator 
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Auxiliary Batteries Eagle-Picher Company 

Jopl in ,  Mo. 

Electric Storage Battery 
Raleigh, N . C .  

Main Batteries 

Electro-Development Corp. 
Seattle, Wash. 

Strain Gage Electronics 

Electro-Mechanical Research 
Sarasota, Fla. 

Decormnutators 

Ehdevco Corporation 
Pasadena, Calif. 

Accelerometers 

General Electro Dynamics 
Garland, Tex. 

Vidicon Tubes 

General Precision, Inc. 
Advanced Products Division 
Link Group 
Sunnyvale, C a l i f  . 
Heliotek 
sylmar, Calif. 

Spacecraft TV Ground Data 
Handling System 

Solar Module 8 

Hi-Shear Corp. 
Torrance, Calif . Separation Device 

C. G. Hokanson 
Santa Monica, Calif. 

Mob . Temperature Control 
Unit 

Holex 
Hollister, Calif. 

Squibs 

Honeywell 
Los Angeles, Calif. 

Tape Recorderfieproducer 

General Precision, Inc. 
Kearfott Systems Division 
Wayne, N. J. 

Floated Rate Integrated 
Gyros 

Main Power Switch Kinetics 
Solana Beach, Calif. 

T.V. Photo Recorder Lear Siegler 
Santa Monica, Calif. 

Gas Tanks  Menasco 
LOS Angeles, Calif. 
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Metcom 
Salem, Mass. 
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Magnetron Assembly 

Motorola, Inc . Sub carrier O s c i l l a t o r s  
Military Elec t ronics  Division 
Scot t sda le ,  Ariz, 

National Water Lift Co. 
KBlamazoo, Mich . 
Northrop/Norair 
Hawthorne, Calif . 
Ryan Aeronautical  Co. 
San Mego, C a l i f .  

Sanborn 
Waltham, Mass. 

Scient i f ic -At lan ta  
Atlanta ,  Ga. 

Singer-Metrlcs 
Bridgeport, rvIrrss, 

Telernetrics 
Santa Ana, C a l i f ,  

Thiokol Chemical Corp. 
Elkton Mvis ion  
Elkton, Md. 

Landing Shock Absorber 

Landing Gegr 

Radar Al t i tude  Doppler Veloci ty  
Sensor 

L, F. Oscil lograph 

System T e s t  Stand 

F. M, Ca l ibra tor  

Simulator 

Main Retro Engine 

Thiokol Chemical Cow, 
Reaction Motors Division 
Denville, N, J. 

Tins ley  Laboratories, Inc . Spacecraf t  Mirrors 
Berkeley, Calif . 

Vernier Propulsion System 

United A l r  c r a f t  Corp. 
Norden Division 
Southhampton, Pa. 

Vector 
Southhampton, Pa. 

Sub c a r r i e r  Osc i l l a to r  

Subcar r ie r  Osc i l l a to r  

Atlas -Centaur 

Rocketdyne Divis ion of 
North American Aviation, Inc . 
Canoga Park, Calif. 

MA-5 Propulsion System 
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Thiokol Chemical Corp. 
Reaction Motors Mvision 
Denville, N. J. 

Hadley Co., Inc. 

Fluidgenics, Inc. 

General Precision, Inc. 
Kearfott  Division 
Wayne, N.J. 

Honeywell, Inc . 
Aeronautical Division 

F i f t h  Dimension, Inc . 
Bendix Corp. 
Bendix Pac i f ic  Division 

Fairchild-Hiller 
S t r a tos  Western Division 

Bourns, Inc. 

Washington Steel Co. 
Washington, Pa. 

General Dynamics 
Fort  Worth Mvision 
For t  Worth, Tex. 

Pesco Products Division of 
Borg-Warner Corp . 
Bedford, 0. 

B e l l  Aerosystems Co. of 
Bel l  Aerospace Corp. 
Buffalo, N. Y. 

LOX md Fuel Staging Valves 

Valves, Regulators and 
D l s  connect Coupling 

Regulators 

Msp la cement Gyros 

Rate Gyros 

Commutators 

Telepaks and Osci l la tors  

LOX Fuel and Drain Valves 

Transducers and Potentimeters 

S ta in less  Steel  

Insulat ion Panels and Kose 
Fairing 

Boost Pumps f o r  RL-10 w i n e s  

Attitude Control System 

Liquidometer Aerospace Division 
Simrnonds Precision Products, Inc. 
Long Island, N.Y. 

Propellant Ut i l iza t ion  System 

General Precision, Inc. 
Kearfott  Division 
Sam Marcos, Calif. 

Computer f o r  I n e r t i a l  Guidance 
System 
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aoodyear Aerospace Mvision 
Qoodyear Tire and Rubber COm 
Akron, 0, 

Systems and Instruments M V m  
Bulova Watch Co. 
Flushing, N e  Ym 

Consolidated Controls COT. 
El Segundo, Calif, 

Borg-Warner Controls Mvision 
Borg-Warner Corp, 
Santa Ana, Calif. 

sippican Corp. 
Marion, Mass. 

General Eleutrie COm 
Lynn, Mass. 

Vickers Mvision of 
Sperry Rand COT, 
Troy, MI&. 

Edcliff Instruments, Inca 
Monrovia, Calif 

Rosemount Engineering COm 
Minneapolis, M i M m  

Scientific Data Systems 
Santa Monica, C a l i f .  

W m  0. Leonard, Inca 
Pasadena, Calif 

Handling !bailer 

Destruct OPS 

Safe and Arm Initiator 

Inverter 

Modules for Propellant Utili- 
zation System 

Turbine 

Hydraulic Pumps 

Transducers and Switches 

Transducers 

Computers 

Hydrogen and Oxygen Vent Valves 
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